Quantum Hall effect (QHE), a quantized version of the Hall effect (1), was observed in two-dimensional (2D) electron systems more than 30 years ago (2, 3) . In QHE the Hall resistance, which is the voltage across the transverse direction of a conductor divided by the longitudinal current, is quantized into plateaus of height h/νe 2 , with h being Planck's constant, e the electron's charge, and ν an integer (2) or a certain fraction (3). In these systems, the QHE is a consequence of the formation of well-defined Landau levels, and thus only possible in high mobility samples and strong external magnetic fields. However, there have been numerous proposals to realize QHE without applying any magnetic field (4-11). Among these proposals, using the thin film of a magnetic topological insulator (TI) (6-9, 11), a new class of quantum matter discovered recently (12, 13) , is one of the most promising routes.
TRS of a suitable TI (17) by introducing ferromagnetism can naturally lead to the QAH effect (6) (7) (8) (9) 11) . By tuning the Fermi level of the sample around the magnetically induced energy gap in the density of states, one is expected to observe a plateau of Hall conductance (σ xy ) of e 2 /h and a vanishing longitudinal conductance (σ xx ) even at zero magnetic field [figure 14 of (7) and Fig. 1,  A and B].
The QAH effect has been predicted to occur by Mn doping of the 2D TI realized in HgTe quantum wells (8) ; however, an external magnetic field was still required to align the Mn moments in order to realize the QAH effect (18) . As proposed in (9) , due to the van Vleck mechanism doping the Bi 2 Te 3 family TIs with isovalent 3d magnetic ions can lead to a ferromagnetic insulator ground state, and for thin film systems, this will further induce QAH effect if the magnetic exchange field is perpendicular to the plane and overcomes the semiconductor gap. S1 ). With this composition, the film is nearly charge neutral so that the chemical potential can be fine-tuned to the electron-or hole-conductive regime by a positive or negative gate voltage, respectively, applied on the backside of the SrTiO 3 substrate (20). The films are manually cut into a Hall bar configuration (Fig. 1C) for transport measurements. Varying the width (from 50 μm to 200 μm) and the aspect ratio (from 1:1 to 2:1) of the Hall bar does not influence the result. Figure 1D displays a series of measurements, taken at different temperatures, of the Hall resistance (ρ yx ) of the sample in Fig. 1C , as a function of the magnetic field (μ 0 H). At high temperatures, ρ yx exhibits linear magnetic field dependence due to the ordinary Hall effect (OHE). The film mobility is ~760 cm 2 /(Vs), as estimated from the measured longitudinal sheet resistance (ρ xx ) and the carrier density determined from the OHE. The value is much enhanced compared with the samples in our previous study (20, 21), but still much lower than that necessary for QHE (2, 3) . With decreasing temperature, ρ yx develops a hysteresis loop characteristic of the AHE, induced by the ferromagnetic order in the film (22). The square-shaped loop with large coercivity (H c = 970 Oersted at 1.5 K) indicates a long-range ferromagnetic order with out-of-plane magnetic anisotropy. The Curie temperature is estimated to be ~15 K (Fig. 1D, inset ) from the temperature dependence of the zero field ρ yx that reflects spontaneous magnetization of the film. The shape and coercivity of the ρ yx hysteresis loops ( Fig. 2A ) vary little with V g , thanks to the robust ferromagnetism probably mediated by the van Vleck mechanism (9, 20) . In the magnetized states, ρ yx is nearly independent of the magnetic field, suggesting perfect ferromagnetic ordering and charge neutrality of the sample. On the other hand, the AH resistance (height of the loops) changes dramatically with V g , with a maximum value of h/e 2 around V g = -1.5 V. The magnetoresistance (MR) curves (Fig. 2C ) exhibit the typical shape for a ferromagnetic material: two sharp symmetric peaks at the coercive fields.
The V g dependences of ρ yx and ρ xx at zero field (labeled ρ yx (0) and ρ xx (0), respectively) are plotted in Fig. 2B . The most important observation here is that the zero field Hall resistance exhibits a distinct plateau with the quantized value h/e 2 , which is centered around the gate voltage V g = -1.5 V. This observation constitutes the discovery of the QAH effect. According to the OHE measurements, the maximum of ρ yx is always located at the charge neutral point (referred to as V g 0 hereafter) (20, 21). Accompanying the quantization in ρ yx , the longitudinal resistance ρ xx (0) exhibits a sharp dip down to 0.098 h/e , and plot them in Fig. 2D . Around V g 0 , σ xy (0) has a notable plateau at 0.987 e 2 /h, whereas σ xx (0) has a dip down to 0.096 e 2 /h, similar to the behavior of the corresponding resistances.
In addition to the observation of the QAH effect, the MR ratio [(ρ xx (H c )-ρ xx (0))/ρ xx (0)] is dramatically enhanced at V g 0 to a surprisingly large value of 2251% (Fig. 1C and fig. S3 ). The huge MR can also be understood in terms of the QAH phenomenology. In the magnetized QAH state, the existence of dissipationless edge state leads to a nearly vanishing ρ xx (21). At the coercive field, the magnetization reversal of a QAH system leads to a quantum phase transition between two QH states (7) via a highly dissipative phase with a large ρ xx , though the exact mechanism may be complex (23). The huge MR thus reflects the distinct difference in transport properties between an ordinary insulator and a QAH insulator.
For a QH system (2, 3), when the Fermi level lies in the gap between Landau levels, σ xy reaches a plateau at νe 2 /h and σ xx drops to zero. If the system contains non-localized dissipative conduction channels, σ xx has a nonzero value, whereas σ xy deviates slightly from the quantized plateau (24). For a QAH system, only one σ xy plateau of e 2 /h appears at zero field when the Fermi level falls in the mobility edges around the magnetically induced gap (Fig. 1B) . The observations of σ xy (0) = e 2 /h plateau and the dip in σ xx (0) near the charge neutral point in Fig. 2D thus agree with the theoretical prediction for a QAH system with residual dissipative channels. The channels are expected to vanish completely at zero temperature (11, 24) .
To confirm the QAH effect observed in Fig. 2 , we apply a magnetic field, aiming to localize all possible dissipative states in the sample. Figure 3 , A and B, displays the magnetic field dependence of ρ yx and ρ xx of the same sample as in Fig. 2 , respectively. Except for the large MR at H c , increasing the field further suppresses ρ xx toward zero. Above 10 T, ρ xx vanishes completely, corresponding to a perfect QH state. It is noteworthy that the increase in ρ xx from zero (above 10 T) to 0.098 h/e 2 (at zero field) is very smooth and ρ yx remains at the quantized value h/e 2 , which indicates that no quantum phase transition occurs, and the sample stays in the same QH phase as the field sweeps from 10 T to zero field. Therefore, the complete quantization above 10 T can only be attributed to the same QAH state at zero field.
The observation of the QAH effect is further supported by the behavior with varying temperatures. In Fig. 4A , we show V g dependences of ρ yx (0) and ρ xx (0) measured at different temperatures in another sample with the same growth conditions. The ρ yx (0) always exhibits a single maximum, with the peak value considerably suppressed by increasing temperatures, accompanied by the disappearance of the dip in ρ xx (0). The σ xx (0) extracted from these measurements (in logarithmical scale, Fig.  4B ) exhibits a temperature dependence similar to that in integer QH systems: the drop of σ xx is at first rapid, resulting from the freezing of the thermal activation mechanism, and then becomes much slower when the temperature is below 1 K. It can be attributed to variable range hopping (VRH) (24), but its exact mechanism remains unknown. Similar to the QHE, zero field σ xx is expected to decrease to zero at sufficiently low temperature. In Fig. 4C , we plot the relation between σ xx (0) and δσ xy (0) (δσ xy = e 2 /h -σ xy , which reflects the contribution of dissipative channels). A power law relation δσ xy σ xx with α ~ 1.55 is obtained. For a ferromagnetic insulator in the VRH regime, the AH conductivity is related to the longitudinal conductivity through σ AH = Aσ xx α [the power α is ~ 1.6, the prefactor A can be positive or negative depending on materials (22)]. The above result can thus be qualitatively understood within the VRH framework.
Our results demonstrate the realization of QAH effect in magnetic TIs. Compared to QHE systems, all the samples studied in this work have a rather low mobility [<1000 cm 2 /(Vs)]. Such robust QAH states not only reflect the topological character of TIs, but also make the QAH systems readily achievable in experiments. Because the realization of QAH effect and dissipationless edge states does not require any magnetic field, the present work paves a path for developing low-powerconsumption, topological quantum electronic and spintronic devices. 
